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Cash and Futures Price Relationships for
Nonstorable  Commodities:
An Empirical Analysis  Using  a
General Theory
Gopal Naik and Raymond  M. Leuthold
Empirical  analysis  examines  the presence of basis risk, speculative component,  and
expected  maturity basis component  in basis relationships  for nonstorable
commodities.  The results indicate that all three above components  exist in both cattle
and hog markets.  The basis risk and speculative components vary  across contracts.
Hog markets showed seasonality, which helps explain  the hog basis more accurately.
Flexibility  in making the marketing  decision strengthens the explanation  of
intertemporal  price relationships  for both cattle and hogs beyond that previously
attributed  to only feed prices.
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The success  of hedgers  in the futures  market
depends on how well they can anticipate basis
(futures price minus cash price) relationships.
Understanding the mechanism and identifying
the factors  influencing such  relationships  can
assist market participants in making successful
production and marketing decisions. A better
understanding  of basis relationships may also
help  policymakers  in  evaluating  market per-
formance  by  identifying  unnecessary  move-
ments in prices.
The  two  major  theories  about  basis  rela-
tionships are  Keynes'  (1923,  1930)  theory of
normal  backwardation  and Working's  (1949,
1953) theory of price of storage. However,  the
nonstorable  nature of livestock commodities,
which have traded successfully  on the futures
market since the  1960s, and their production
and  supply  characteristics  prevent  direct  ap-
plication of the general theory of the price of
storage  to these commodities.  Paul  and Wes-
son utilized  the theory of the price  of storage
to explain the relationships  between  the  dis-
tant fed animal futures contract price and the
current cash  price of feeder animals, and they
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called this  the  price  of feedlot  services.  This
means in the case of livestock,  if the produc-
tion (placing animals on feed) decision is made
at a  particular  age  of animal,  then  the  rela-
tionship between the price  of feeder  animals
and the price of output (fed animal) exists only
during that time. Once the production decision
is made, unless there exists flexibility in choos-
ing feeder  animals  of a different  age,  the  re-
lationship  is  only  a  one-time  phenomenon.
This is contrary to storables,  where the whole
constellation  of prices interrelate.
Livestock producers  are  also  interested  in
understanding intramarket price relationships,
that is, the relationships between  cash and fu-
tures prices of  output. It was generally believed
that no relationships  exist between two inter-
temporal  prices  of a nonstorable  commodity
(Ehrich; Futrell; Leuthold  1977) because stocks
cannot be  carried  over  time.  However,  em-
pirical investigation  of intramarket intertem-
poral price  relationships in livestock markets
(Purcell,  Flood,  and Plaxico;  Leuthold  1979;
Tomek) have indicated that the cash and near-
by futures prices are related. Cash and futures
prices for distant contracts are not necessarily
related (Tomek).
Kendall  examined theoretically  and empir-
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ically the intertemporal  price relationships  for
nonstorable commodities  and concluded  that
positive  correlation  among  intertemporal
prices of a commodity  such as live cattle can
arise. This relationship is caused by the mutual
dependency  of current  and future-dated  sup-
plies of beef cattle on the common input mar-
ket  for  current  and  future-dated  corn  where
prices  relate intertemporally.
Naik  and  Leuthold  recently  expanded  on
these concepts and examined theoretically ba-
sis relationships considering the time flexibil-
ity for the producer in making marketing  de-
cisions  during which  the quality  of meat  of
these animals stays relatively unchanged. They
develop  a model  of intertemporal price  rela-
tionships for nonstorable  commodities utiliz-
ing expected utility  theory and then  derive  a
basis model for estimation using market equi-
librium conditions and rational expectations.
The purpose of  this paper is to test empirically
these  theoretically  suggested  basis  relation-
ships  for cattle  and hogs.  The  results  of this
paper  demonstrate  that flexibility  in making
the  marketing  decision improves  our under-
standing  of and  ability  to  explain  intertem-
poral price relationships for nonstorable com-
modities beyond that previously attributed to
only feed prices.
Theory and Models
Assuming market participants have a negative
exponential  utility  function  and  profits  are
normally  distributed, Naik and  Leuthold  ex-
amined the basis relationships for nonstorable
commodities such as livestock in an expected
utility maximization  framework.  Considering
the flexibility for the producer in making mar-
keting  decisions,  they  argue  that  producers
make  supply  decisions  twice in the life  of an
animal.  The first decision is made at the  be-
ginning of the production process and concerns
the quantity to produce.  The second  decision
is made when the animals reach the marketing
stage. This latter case involves whether to sell
the animals immediately or withhold them un-
til the next period.  At both times, a producer
can participate in the futures market and hence
may hold futures positions. They show that it
is this marketing flexibility that strengthens the
basis relationships for livestock.
Assuming  that  the producer  has  the flexi-
bility in marketing the animals either in period
t-  1 or in the next period t, Naik and Leuthold
used a profit function for withholding the an-
imals and offering them for supply in the next
period  in  the  presence  of a  futures  market,
which is
(1)  II, = (1  - X_l)Qt-,_[(l  +  6)P
-(1  +  yt-)Pt-l]
- k(l  + yt_)PFt_,(l - xt-i)Qit-
- b,(l +  t-_l)(1 - Xt- 1 )Qit,-
- 1/2b2(1  +  -yt_l)(l - -t_l)2Q2tt
_
+ Alit-,(Fw, - Ft,t,),
where  i, is the profit of the producers,  (1  +
6) is the growth rate of animals from period  t
- 1 to t (6 >  0),  (1 - t-l)Qit- is that part of
output Qit-1 withheld in period t  - 1 (0  <  Xt-1
<  1) for marketing  in period t,  '  is the risk-
free interest  rate,  Pt-_  is the price  of animals
as output in period t - 1, PFt,_  is the price of
feed,  k is the amount of feed required to feed
one unit of Qit-  from period  t - 1 to t, Ftt-
is the futures price formed at t - 1 for time t,
b, and b2 are components of the quadratic cost
function, and A  it-_  is the futures position (A,_,-
<  0  indicates  sales).  Costs are  entered  in  a
quadratic framework.
Using a mean-variance  framework, produc-
ers' expected utility of profit,  2, for the mar-
keting decision can be written as
(2) Qit =  Et-,  it -1/2i2t,  t-1,
where  ,u is  the Arrow-Pratt  measure  of risk
aversion  (,t  >  0  (<0) indicates  the  decision
maker is risk averse (loving)), a2t  ti  is the con-
ditional variance of profit for time t formed at
time t - 1, which is (see Naik and Leuthold)
(3)  o,_  =  o ,,_((1  +  6)(1  - x,_t)Q,,-)2
+  ftt-  Alit,-I  +  2 covt_,(P,Ft)
(1  +  6)(1  -Xt-i)Qit-lA-it_-,
where a2 and  Ua are the variances  of cash and
futures  prices,  respectively.  Substituting  the
expected value of equations (1)  and (3) in equa-
tion (2), Naik and Leuthold derive the follow-
ing basis equation
(4)  Ft-  - Pt  = bj(l + yt- 1)
+ b2(1  + ,'Yt_)(1 - Xt-i)Qit-
+ k(1  +  y,_l)PF,_  +  t-lPt-i
+  (1 + b)Et-_BS,
+  i, o,,  (1  - r
2)(1  +  6)2
(1  - Xt-)Qit- - x(l  +  6)
*[Et,_Ftt- Ftt-]
- _F t ,,_
where Ft,  t-  - Pt-  is one period basis, r is the
expected  correlation  coefficient  between cash
and futures prices, x is one minus the ratio of
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covariance  between cash and futures price  to
variance  of futures  price and BS, is the basis
in time  t.  This  result  indicates  that if there
exists  flexibility  in  making  marketing  deci-
sions, and if  the time betweeen successive pro-
duction  streams  is less  than  or  equal  to  the
duration of this flexibility,  then the one-period
basis (the difference between the cash and one-
period ahead futures) is the sum of the cost of
maintaining the animal,  opportunity cost, ex-
pected maturity basis, basis risk (A  it,  t_l  -
r2) (1 +  6)2 (1  - Xt_)Qit-), adjusted speculation
(x(l + b) [Et-_lFt - Ftt-,])  and the income due
to the gain in the weight of the animals (bFtt_).'
Equation (4), derived elsewhere, shows those
factors important in explaining the one-period
basis  for  livestock  assuming flexibility  exists
in marketing decisions.  The key to this equa-
tion is  measuring the  size of r and x and as-
sessing whether factors exist to determine the
expected basis. That is, everything else is lagged
or known.  The purpose of this paper is to in-
vestigate  and measure  these three unknowns,
giving insight into intertemporal  (basis)  rela-
tionships for livestock.
Naik and Leuthold suggest that the absolute
value of a correlation coefficient  r between cash
and futures prices during maturity month dif-
ferent than one for any contract indicates there
exists  maturity  basis  risk  for  that  contract.2
That is, if  the correlation coefficient equals (ab-
solute)  one,  the  basis  risk  component  of the
equation goes to zero, meaning basis risk does
not affect the basis.
To test whether the speculative component
affects  the basis, cash price is regressed on the
futures  price during  maturity month. A coef-
ficient  different  than  one  will  indicate  that  a
speculative component  affects the basis.3
Because cash and futures prices are endoge-
neous in the overall model, Naik and Leuthold
use market equilibrium conditions and ration-
al expectations to derive a model to study the
impact of expected maturity basis. They  sug-
' The expression  for basis risk can  actually be  referred to as a
risk premium.  Theoretically,  risk premium  equals risk times the
risk aversion coefficient.  In the basis risk expression,  iu,  is  the risk
aversion coefficient and 
2(1 - r
2)  is the basis risk. The remaining
terms are weights. Because variance is in monetary terms, the basis
risk expression  is in monetary terms. To avoid confusion we refer
to this  expression  as basis  risk, although  basis  risk premium  is
equally applicable.
2 This assumes traders  are not risk neutral,  i.e.,  ;i  #=  0.
3 For the speculative component to exist, this also  assumes that
the  expected futures  price does  not equal the  final futures  price,
or there is a bias in the market. We do not explicitly test this latter
hypothesis.
gest that the maturity basis (BS) be regressed
on  the previous  period  demand  shifters  (Z),
feed price, basis, supply of animals,  and two-
periods-previous  feed  price,  cash  price,  and
futures price,  as  follows
(5)  BS  = f(Zt_  , Pt-2, PFt  _,  PFt 2,
BSt-,, F t-2 Qt-1)-
Because the arbitrage possibility exists only for
one-period  ahead  when  explicitly  examining
the marketing stage, determining the length of
lag can be important.  The length of lag varies
from animal to animal.  In the  case of hogs,  a
producer  is  usually  flexible  in  making  mar-
keting  decisions  for about  a month,  whereas
in the case of cattle this period may extend up
to two months.
The (un)biasedness  of futures prices  can be
observed  from the results  obtained  from  the
above three  tests,  the  correlation  coefficient,
the  regression  coefficient  and basis  equation.
The results will help better understand the ba-
sis relationships for nonstorable commodities.
They will also help  us gain insights into  rela-
tionships  among  intertemporal  prices  for
nonstorables as  suggested by Kendall.
The theoretical  results also show that when
the time length of flexibility in marketing the
animals  is  equal  to or  greater than the  time
between  successive  maturity periods  (futures
contracts), then the cash and futures prices are
related beyond the flexibility period.  For two
periods  ahead the  futures  price  is a function
of expected demand shifters one period ahead
(EtZt+l), current cash price (Pt), expected  feed
price one period ahead (EPF,+i),  current feed
price  (PFt),  futures  price  one  period  ahead
(F,+ 1 ,),  expected  basis  for  one  period  ahead
(EtBSt+ ) and expected supply (EtQt+),  as fol-
lows:
(6)  Ft+2,t = (EtZt+,  Pt, EtPFt+,,
PFt, Ft+,,,  EtBS+,, EtQt+,).
The difficulty in estimating the above equa-
tion lies in obtaining the data on expected val-
ues,  i.e.,  data on EtZ,+i, EPFt+, EtBSt+, and
EtQt+ l. EZt+l is the expected value of demand
shifters such as income, price  of related  com-
modities,  and  the  season.  The per capita  in-
come  follows  a fairly well-defined  trend and
hence is easily estimated.  Futures prices  of a
related commodity,  if available,  can be  used
as an expected price for that commodity. And
season is relatively easy to predict. If the feed
used is traded on the commodity futures mar-
ket, then its one-period-ahead futures price can
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be used as  a proxy  for EtPFt+.  Because  Q, is
known  any  time after period t  - q (the time
when  young  animals  were  placed  on  feed),
E,Qt+, can be estimated from that information.
The value of  EtBS+,  can be obtained from the
basis equation (5).
Assuming  Zt  follows  a  first-order  autore-
gressive  process, i.e., Zt = pZt-  + vt, we can
obtain EtZt+, =  pZt.  Utilizing these  expected
values  we  can  express  futures  price  for two
periods ahead in terms of predetermined vari-
ables except for expected supply, EtQt+L.4 That
is,
(7)  Ft+2 t = (Z,, P,,  Pt,_,  BS,  PF,+,,,
PF,, PFt_,, Ft+,t,,  EtQt+,,  Qt).
The hypothesis that current cash price and the
current futures price for two periods ahead are
related  can be tested by estimating the above
equation.  That is,  tests  can be  conducted by
regressing two-periods-ahead futures prices on
current  demand  shifters,  current  cash  price,
current basis, current feed price, previous  pe-
riod  cash  price  and  feed  price,  one-period-
ahead futures price, one-period-ahead  futures
price of feed, current supply, and expected sup-
ply  for the next period.  The  futures price  of
feed  can  be  used  as  proxy  for EtPFt+ 1. The
demand  shifters  used  are  per  capita  income
and prices of other products. The simultaneity
between  the  cash  and  futures  price  can  be
avoided by using their difference.
Daily cash prices for the Omaha market and
futures  prices  from  Chicago  Mercantile  Ex-
change  for the period  1966  through  1986 are
used to estimate the correlation coefficient and
the ratio of covariance  between  cash and fu-
tures price to the variance of futures price for
nonstorable cattle and hogs. Only data during
the maturity month of each contact during the
twenty-one-year  period are used (cattle has  6
contracts/year, hogs 7 contracts/year). The data
were  supplied by Iowa  State University,  and
we  averaged  the reported daily  high and low
prices for both cash and futures. The cash prices
for cattle  up to  1973 are for Choice  slaughter
steers,  1,100-1,300  pounds.  From  1973  on-
wards  the cash  prices  for cattle  are  slaughter
steers,  Choice  2-4,  1,000-1,200  pounds.  The
cash prices  for hogs  up to mid-1972  are bar-
rows  and  gilts 200-220  pounds,  and beyond
4  Expressing  futures price  in terms  of predetermined  variables
helps us empirically estimate this relationship. The data on animals
of different weight groups on feed can be used as a good proxy for
the expected supply  variable.
mid-1972  are  barrows  and  gilts,  200-240
pounds.  If either  a cash or  futures price  was
not available  for any  particular  day,  such  as
no  cash  market  for cattle  on  Thursday  and




The correlation  coefficients between maturity
month cash and futures prices for all individ-
ual  cattle and hog contracts  are grouped  into
three  categories  (table  1).  The coefficients  for
cattle  varied from  -. 641  in August  1975  to
.984 in April 1981. Out of the  126 coefficients,
35 are less than .5 and only 26 are greater than
.9.  No  definite  pattern  in  correlation  coeffi-
cients  is observed  either with  respect to con-
tracts  or over time, although February has the
largest number exceeding .9 and June the low-
est  number.  The  correlation  coefficients  for
hogs ranged from -.313 in April  1978 to .992
in June  1975 contract. Out of 144  coefficients,
41  are less than .5 and only 25 coefficients  are
greater than  .9.  February and April contracts
have the lowest correlations, whereas June and
August contracts have the highest correlations.
For both  cattle  and hogs the majority  of the
coefficients  are less than  .9.
The  upper confidence  limit is greater  than
.95  for  54  coefficients  for  cattle and  39  coef-
ficients for hogs.5The number of observations
used for  each coefficient  ranged from 7 to  13
for cattle and from  12 to  15 for hogs.
In order to examine the impact of contracts
on the correlation coefficient, correlation coef-
ficients  were  regressed  on  dummy  variables
representing  contract  maturity  months.  For
cattle no dummy variable was significant, sug-
gesting there  is no seasonality.  However,  the
regression  estimates for hogs  show June  and
April contract  correlation  coefficients  signifi-
cantly different (higher and lower,  respective-
ly) than February coefficients. This suggests the
correlation coefficients for hogs are affected by
seasonality.
The majority  of the correlation  coefficients
in both the cattle and hog markets are less than
the upper confidence limit of.95, and they vary
5 Procedures do not exist to test whether a correlation coefficient
is equal to one.  However,  upper confidence  levels are calculated
for the 95%  level.
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Table  1.  Correlation  Coefficients  between  Cash and  Futures Prices of  Maturity Months  of
Individual Contracts at Omaha during 1966-86
Correlation  Futures Contract
Coefficient
r  February  April  June  July  August  October  December
Cattle  Number  of Contracts
0  < IrI  .5  8  5  6  6  9  4
.5 <  Irl  .9  7  11  14  11  7  12
Irl > .9  6  5  1  4  5  5
UCL>  .95a  8  11  9  8  8  10
Hogs
0< I rl <  .5  6  12  1  6  3  8  5
.5 <  Irl< .9  13  7  13  13  12  9  11
Irl  >  .9  1  1  6  2  6  4  5
UCL >  .95  2  2  9  4  10  5  7
a  UCL is  the upper confidence  limit of the correlation  coefficient.
widely. This indicates  basis  risk exists in the
livestock markets,  and it varies from contract
to contract and from commodity to commod-
ity. While no definite pattern over time or con-
tracts in the cattle coefficients  is evident,  cor-
relation coefficients  for hogs show seasonality.
Therefore,  it is possible that the predictability
of the correlation coefficient between cash and
futures prices  of hogs may be better than for
cattle.
Closer examination  of the cash and futures
price  movements  indicates  that  when  the
change  in the price range  is small, the move-
ment of cash and futures prices are not always
well  coordinated.  Therefore,  a band  of cash
and futures price changes  exists within which
arbitraging between cash and futures markets
appears  unattractive.  That  is,  there  is  more
randomness  in price relationships.
Low  correlation  coefficients  may  be  from
several  causes.  First,  there  may be  weak  in-
tegration between cash and futures markets be-
cause  of thinness in the markets, local  supply
and demand conditions, and/or low arbitrage
possibilities. Second,  either one of these mar-
kets may lead or lag the other. Third, the cash
and futures  markets  may converge  from  dif-
ferent directions, or there may exist outliers in
one of the markets. Fourth, measurement errors
in price series can cause low correlation. Fifth,
the results may be caused by the small sample
size in each case  indicating that the estimates
are not reliable.  Last, lack of adequate trans-
portation and imprecise  and insufficient mar-
ket information may also cause low correlation
between cash and futures prices.
The physical distance  between the markets
may  cause  weak  integration  when  there  are
uncertainties  (bottlenecks)  in  transportation.
Correlation  coefficients were also obtained us-
ing leads and lags of futures prices. In both the
lead and lag cases, some coefficients improved
marginally  but  others  did  worse  than  those
summarized in table 1. Overall,  no gains were
noticed. Therefore,  leads or lags did not seem
to be the reason for small coefficients for some
maturity months.
The continuation of cash and futures price
convergence  during  the  maturity  months
creates  profit  opportunity  from  arbitrage.
Gradual convergence  can exist only in weakly
integrated  or thin markets due  to lack of in-
formation  or insufficient number  of arbitrag-
ers.  Visual examination  of daily basis did not
reveal  any convergence pattern.
No extreme  outliers  existed  for cattle.  For
hogs an absolute value of  the basis greater than
$5 per hundredweight  is considered as an out-
lier and is removed. There were only six such
outliers,  so  small  correlation  coefficients  are
not caused by the presence of extreme outliers.
The data on cash and  futures prices are an
average of  high and low prices. The correlation
of average  prices  may  be  different  than  the
actual prices.  It is possible that correlation of
only high or low prices would yield higher cor-
relation coefficients.
In  the above  analysis  small-sample  prob-
lems  arise  since  all  coefficients  are  based on
fifteen or less observations.  Therefore, the data
are grouped into two different types, yearwise
and contractwise.  These groupings help us ex-
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Table  2.  Yearwise  Correlation  Coefficients
between Daily Cash and Futures Prices of Ma-
turity Months at Omaha during 1966-86
Cattle  Hogs
Year  ra  N
b UCL
C r  N  UCL
1966  .450  68  .621  .190  54  .435
1967  .184  68  .405  .243  98  .421
1968  .462  67  .632  .316  93  .488
1969  .130  69  .356  .384  97  .542
1970  .341  69  .534  .322  98  .490
1971  .164  67  .389  .370  96  .531
1972  .673  67  .786  .603  97  .716
1973  .428  70  .602  .618  98  .727
1974  .609  68  .740  .587  98  .703
1975  .543  61  .699  .622  97  .731
1976  .804  64  .876  .569  97  .690
1977  .667  58  .789  .570  96  .692
1978  .528  65  .684  .286  97  .459
1979  .802  61  .877  .302  97  .473
1980  .565  57  .720  .702  97  .790
1981  .758  54  .853  .512  96  .646
1982  .683  49  .809  .530  96  .660
1983  .517  49  .697  .649  97  .751
1984  .233  51  .478  .367  96  .529
1985  .717  51  .829  .450  97  .596
1986  .555  51  .721  .729  98  .810
a r refers  to correlation coefficient.
b  N is the number of observations.
c  UCL is the upper confidence  limit of the correlation coefficient.
amine  the  pattern  of correlation  coefficients
among years  and among  contracts,  as well  as
increase sample  size.
Correlation  coefficients  based  on  raw
grouped data may yield a high correlation, not
only because of the synchronous  movements
of  cash  and  futures  prices  during  maturity
months but also because  of the large  changes
in price levels from  one contract  to another.6
In order to remove the impact of  different levels
of prices,  the mean of the individual contract
cash price is subtracted from all the cash and
futures  prices  of that contract.  The yearwise
correlation  coefficients  are  given  in table  2.
These tables show that the yearwise correlation
coefficients range from .130 in 1969 to .804 in
1976  for cattle  and  .190  in  1966  to  .729  in
1986  for  hogs.  For cattle  the  coefficients  are
relatively  higher  during  the period  1972-83,
and for hogs the coefficients are relatively higher
during 1972-77 and  1980-83.
6 The large changes in price levels between contract  months can
be so high as to completely swamp the variation in the movement
in cash and  futures  prices during  the maturity  months. The cor-
relation coefficient obtained in such cases does not reflect the syn-
chronous  movement between  cash and futures prices  during ma-
turity months.
Table  3.  Contractwise  Correlation Coeffi-
cients between  Daily Cash and Futures Prices




b UCLC  r  N  UCL
February  .537  204  .628  .403  270  .498
April  .656  215  .726  .276  271  .383
June  .569  218  .652  .783  282  .824
July  .491  276  .576
August  .501  212  .595  .656  298  .716
October  .634  213  .708  .493  296  .575
December  .569  222  .652  .604  297  .672
a r refers to correlation  coefficient.
bN is the number of observations.
c UCL is the upper confidence limit of the correlation  coefficient.
The contractwise correlation coefficients for
cattle did not fluctuate very much, whereas for
hogs  the fluctuation  in contractwise  correla-
tion coefficients  are relatively  high  (table  3).
The  lowest  correlation  coefficient  for  hogs  is
observed for the April contract and the highest
for the June contract.  Correlation  coefficients
were also calculated  for all contracts in three-
year groups  and individual  contracts  in five-
year groups. The former set of correlation coef-
ficients showed results similar to the yearwise
correlation coefficients. The five-year contract-
wise correlation coefficients were similar to ta-
ble  1. All  coefficients  were  substantially  less
than one.
Overall, the correlation coefficients  are sub-
stantially lower than one and fluctuate.  In the
case of cattle, seasonality is not noticed, where-
as for hogs seasonality  is a factor in determin-
ing  the  magnitude  of the  correlation  coeffi-
cient.  These  results  provide  evidence  of
maturing  basis  risk  (premium)  in cattle  and
hog markets.
Speculative Component
The  number of ratios  of the covariance  be-
tween  cash and futures prices to the variance
of  the futures price during the maturity months
of individual  contracts  that  are  equal  to  or
significantly  different  from one  are presented
in table 4. The August contract has the highest
number of coefficients  equal to one at the 5%
level  for cattle  and the October  contract  has
the highest number for hogs. The lowest num-
ber of coefficients equal to one is found for the
February contract for cattle and the April con-
tract for hogs. Overall, hogs have a higher per-
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Table 4.  Ratios  of Covariance  between  Cash  and Futures Prices to the  Variance  of Futures
Price of Maturity Months of Individual Contracts at Omaha for the Period 1966-86
Futures  Contract
February  April  June  July  August  October  December
Cattle  Number of Ratios
Ratio  =  a  7  12  8  13  8  9
Ratio  1  14  9  13  8  13  12
Hogs
Ratio =  11  6  10  10  12  14  11
Ratio  1  9  14  10  11  9  7  10
aThe ratio is tested at the  5% level using t-statistic.
centage (51%) of coefficients equal to one than
cattle (45%).
As outlined above, data were grouped to in-
crease  sample  size.  Table  5 shows  that  the
yearwise regression coefficients range from .060
in 1969 to  .853 in  1981 for cattle, and .082 in
1966  to  .780  in  1983  for hogs,  respectively.
All coefficients  are significantly  less than  one
except for cattle in 1981. The contractwise coef-
ficients fluctuate less in the case of cattle than
for hogs (table  6). Nevertheless,  all are signif-
icantly less than one.  Also, the coefficients ob-
Table  5.  Yearwise  Ratios  of  Covariance  be-
tween  Daily  Cash  and  Futures Prices  to  the
Variance of Futures Price of Maturity Months
at Omaha During 1966-86
Cattle  Hogs
Year  Ratio  t-Statist.a  Ratio  t-Statist.
1966  .248  -12.38  .082  -15.54
1967  .102  -13.42  .159  -12.96
1968  .160  -22.04  .219  -11.34
1969  .060  -16.74  .178  -18.76
1970  .163  -15.26  .237  -10.72
1971  .121  -9.75  .239  -12.26
1972  .565  -5.65  .514  -6.97
1973  .316  -8.44  .482  -8.28
1974  .484  -6.64  .629  -4.19
1975  .330  -10.08  .452  -9.40
1976  .650  -5.73  . .502  -6.68
1977  .454  -8.06  .367  -11.63
1978  .462  -5.74  .178  -13.40
1979  .485  -10.93  .152  -17.20
1980  .335  -10.10  .618  -5.93
1981  .853  -1.44  .408  -8.38
1982  .521  -5.88  .421  -8.33
1983  .307  -9.34  .780  -2.34
1984  .072  -21.49  .265  -10.63
1985  .583  -5.16  .353  -8.98
1986  .513  -4.44  .572  -7.81
a  The t-statistic tests the hypothesis that the  ratio is  equal to  1.
tained for three-year and five-year grouped data
indicate  that  all  the  coefficients  are  signifi-
cantly less than one.
These  results  indicate  that the speculative
component exists in both cattle and hog mar-
kets  unless the expected  price is equal  to the
current  futures  price.  The  speculative  com-
ponent seems to vary widely across contracts
and  commodities,  and  in  the  hog  market  it
seems to exhibit seasonality.
Expected Maturity Basis
To test whether  the  expected  maturity  basis
exists in the  basis,  theoretical  results  suggest
to regress  basis  on  its  lag  basis,  lag  demand
shifters, two-period lag cash and futures prices,
lag price of feed one and two periods, and lag
total  quantity  supplied  using  monthly  data
[equation  (5)].  Empirical  results suggest that a
high degree  of dependence  exists between the
independent variables suggested by theory, es-
pecially  in the  case of hogs.  Therefore,  a re-
Table 6.  Contractwise  Ratios  of  Covariance
between Daily  Cash and Futures Prices to the
Variance of Futures Price of Maturity Months
at Omaha during 1966-86
Cattle  Hogs
Contract  Ratio  t-Statist.a  Ratio  t-Statist.
February  .407  -13.20  .346  -13.64
April  .487  -13.28  .161  -24.59
June  .392  -15.80  .788  -5.68
July  .431  -12.34
August  .310  -18.63  .465  -17.22
October  .459  -14.06  .388  -15.31
December  .356  -18.56  .525  -11.77
a The t-statistic tests the hypothesis that the ratio is equal to  1.
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duced version of the theoretical  model is used
to estimate the relationships. The selection of
variables to be included in the reduced version
is  made  by  eliminating  variables  which  are
highly correlated with other variables.  Lagged
cash and futures prices are differenced to form
a lagged basis.  However,  an effort is made to
retain  the  important  variables  in the model.
In the case of cattle,  two-period-previous  feed
price is not considered, and in the case of hogs
both one-period and two-periods lag feed prices
are not  considered.  Variables  selected as  de-
mand shifters  include  per capita  income and
prices  of hogs  (in cattle  equation)  and  cattle
(in hog equation). Pork cold storage is used as
a component of supply. Monthly data are used
for estimation. Prices and income variables are
deflated using the consumer price index.
The estimated models are as follows (t-ratios
are in parentheses): 7
When  One Period  is Equal to One Month
Cattle
BAS=  -2.34  +  0.41  LIBAS
(-3.38)  (6.39)








R2 = 0.47  D-W = 1.75  Condition No. = 60.
The estimated model shows that one-month
lag  basis,  one-month  lag  per-capita  income,
and one-month lag hog cash prices  are signif-
icantly  affecting  the  maturity  basis of cattle,
and that 47% of the variation in the expected
7  In the following regressions,  the letter L preceding the variable
name means  it is lagged, and the  number following indicates the
number of months lagged.  Then BAS  represents basis (cents  per
hundredweight,  cwt), PCI per capita  income ($/year), HOGCSH
is cash price of hogs in Omaha (¢/cwt), PRCORN is U.S. price  of
corn (¢/bushel),  TOTCAT is the total  cattle supply which is  sum
of the number of animals slaughtered and the number of animals
which  are heavier  than  1,100  pounds (1,000  head),  CLDHG is
pork cold  storage (million lbs.).  All data are monthly.  The depen-
dent variable is  maturity basis. Basis is determined  by taking the
average of daily closing prices in month t for t +  i, and subtracting
from  it monthly average  cash  price  for  cattle  (Omaha)  or  hogs
(Omaha).
maturity  basis  can  be  explained  one  month
before  maturity.  The  Durbin-Watson  (D-W)
statistic  indicates  an  absence  of autocorrela-
tion. 8 The condition number  is high,  suggest-
ing  that there is  a multicollinearity  problem.
By  removing  the multicollinearity,  it  is pos-
sible that some of the variables which are not
significant can become  significant. 9
The estimated model for hogs is as follows:
Hogs
BAS= -1.37 + 0.24  L1BAS
(-2.35)  (4.62)
- 0.02  L2BAS  + 0.0005 L1PCI
(-0.45)  (3.25)
- 0.001  L1CLDHG
(-1.46)








R2 = 0.57  D-W  =  1.83  Condition No.  = 47,
where  months  refers  to  contract  maturity
months. 10
The  estimated  model  for  hogs  shows  that
57%  of the  maturity  basis  can be  explained.
The one-month  lag basis, one-month  lag per-
capita income, and most of the seasonal (con-
tract)  dummy  variables  are  significant.  The
D-W  statistic  indicates  the  absence  of auto-
correlation,  and  the  condition  number  indi-
cates  that  there  may  be  a  slight  multicolli-
nearity  problem.
The results of these models when one period
is  equal  to two  and  three  months  are given
below.
8 The data on lagged basis is the basis prevalent one period before
maturity, not the maturity basis of the previous contract. There-
fore,  the  Durbin-Watson  statistic  is  still  used  to  determine  ap-
proximately the presence of autocorrelation.
9 The signs of the coefficients  are difficult to determine  a priori.
Hence, the evaluation of signs is  not considered  here.
'0 The dummy variable for the July contract is not given because
its impact (at least  most of it) is taken  care of by either  the June
or August contract.
"'  The maturing  contract is  still used  in BAS.
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When One Period Is Equal to Two Months
Cattle
BAS = -2.57  + 0.14 L2BAS
(-3.02)  (3.25)








R2 = 0.18  D-W = 2.09  Condition No. =  59.
With the increase in the length of the lag to
two months, observe that only the two-month
lag basis is significant. The explanatory capac-
ity of the model dropped to  18%.
For hogs the results are as follows:
Hogs
BAS =  -1.55  + 0.06  L2BAS
(-2.34)  (1.31)




- 0.55 APRIL - 0.60 JUNE
(-3.87)  (-4.51)
+  0.20 AUGUST
(1.55)




R2 = 0.48  D-W =  1.53  Condition No.  = 48.
With  the  increase  in the  lag  length to two
months lagged per capita income is significant
along with most of the dummy variables. The
R2 dropped  from  .57  to  .48.  Autocorrelation
in this and subsequent equations is not a prob-
lem.
When One Period Is Equal to Three Months
The results for cattle when one period is equal
to three months are as follows:
Cattle
BAS  =  -2.50  + 0.12 L3BAS
(-2.97)  (3.81)
- 0.04 L6BAS  + 0.0007  L3PCI
(-1.49)  (2.88)







2 = 0.21  D-W = 2.12  Condition No. =  59.
Only three-month  lag basis and three-month
lag per-capita  income are  significant.  The R2
remains low.
The results for hogs, when one period is equal
to three months,  are as follows:
Hogs
BAS  = -1.57  +  0.  OL3BAS
(-2.24)  (2.90)












R2 = 0.48  D-W  =  1.57  Condition No. = 49.
Three-month lag basis,  three-month per cap-
ita income and April, June, October,  and De-
cember dummy variables are significant.  The
R2 is the same as in the two-month lag model.
For cattle,  as the length of lag increases the
first lagged basis  is always  significant  and in-
come maintains a fairly high t-ratio. However,
the R
2 dropped considerably. For hogs, income
is the only variable which remains significant,
while the first lagged basis is significant in the
first  and  third  regressions.  The  explanatory
power  of the  hog  model  remains almost  un-
changed. This is probably because the seasonal
dummy variables in the hog model explain  a
large part of the variation in the basis.
From the above analysis, we have observed
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that  there  exists  a maturity  basis risk and  a
speculative  component  in both  the  hog  and
cattle markets. We have also observed that in
both markets a substantial portion of the ma-
turity basis can be explained one month before
the maturity. These results suggest that the ma-
turity basis for livestock contains  a risk com-
ponent, a speculative component, and expect-
ed  maturity  basis.  We  noticed  seasonality
affecting all three of these factors for hogs. These
results  facilitate  better  understanding  of the
components of the livestock basis.
Cash and Futures Price  Relationships
Beyond One Period
To  test whether  current  cash price  is  related
with the futures price beyond one period ahead,
theoretical  results suggest [equation  (7)] to re-
gress futures price on current demand shifters,
current cash price, current basis,  current feed
price, previous period cash price and feed price,
one-period-ahead  futures  price,  one-period-
ahead futures price of feed, current supply, and
expected supply for the next period. Once again
a trimmed  version  of the model  is  used  to
reduce the  multicollinearity  problem.  A sim-
ilar procedure  as  mentioned  in the previous
subsection is used to trim the model, i.e., elim-
inating the variables that are highly correlated
with  other  predetermined  variables  in  the
model. Current feed price, previous period feed
price,  one-period-ahead  futures price of feed,
and expected supply are removed for both cat-
tle  and  hog  models.  In the  case  of the  hog
model  one-period-ahead  future  price  is  also
removed.  These models  utilize monthly data,
same as those described above.
The estimated models are as follows (t-ratios
are in parentheses):
Cattle
FUTTP = -8.56  - 2.84 BAS
(-2.18) (-8.84)




+  1.028 L1MCASH
(23.37)
- 0.0007  TOTCAT,
(-1.15)
R2 =  .90  D-W =  1.75  Condition No.  =  104,
where  FUTTP is  futures  price  two-periods
ahead  (¢/cwt), 1 2 MCASH is  the current  cash
price  (¢/cwt),  ONPFUT is  the  one-period-
ahead futures price of corn (c/bushel), and oth-
er  variables  and  notations  were  defined  pre-
viously.  All  the variables  above  except  total
supply are significantly  different  from zero at
the 5%  level. The cash price variable is highly
significant and is negative. This means the cur-
rent  cash  price  inversely  affects  the  two-
months-ahead futures prices in the case of cat-
tle. The R2 suggests that 90% of the variation
in the futures price  is explained  by the inde-
pendent variables used. The D-W statistic sug-
gests  no  autocorrelation.  However,  the  con-
dition  number  is  high  and  suggests  strong
dependence between independent variables still
exists.
The estimated model for hogs is as follows:
Hogs
FUTTP = 5.45  - 2.19 BAS
(0.81) (-7.55)







=  .91  D-W =  1.75  Condition No. =  111,
where  HOGM18  is  the  number  of animals
above the  180 pounds, and all other variables
are  defined  above.  The  coefficients  of cash
price,  basis, and lagged cash price are  signifi-
cantly different than zero. The cash price coef-
ficient is positive suggesting that the cash price
and two-months-ahead  futures prices  are di-
rectly  related.  Note that the lag cash  price  is
highly significant, which suggests that cash price
may be related with even three-months-ahead
futures price.  The model explains  91%  of the
variation of two-period-ahead futures price of
hogs. The D-W statistic indicates no autocor-
relation.  As in the case of cattle,  high multi-
collinearity exists.
The estimated model for four-periods-ahead
futures price is presented below:
Cattle
FUTFP=  - 8.79  + 0.11  BAS
(-5.56)  (0.75)
12 Here one period is equal to one month. The futures contract
is  the nearby contract.
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+  0.05  L2MCASH
(1.64)
- 0.0001  TOTCAT
(-0.39)
+ 0.001  COF911
(6.50)
+  0.65 L2PRCORN,
(1.19)
R 2 = .98  D-W  =  1.48  Condition No.= 130.
Hogs
FUTFP  = -0.38  - 1.35  BAS
(-0.05) (-3.82)
+ 0.03 MCASH  - 0.003 PCI
(1.07)  (-1.71)




R2 =  .86  D-W =  1.28  Condition No. 105,
where, FUTFP  is the futures price four-period
ahead, COF9  11 is the number of cattle on feed
weighing between 900 and 1,100 pounds (1,000
head),  TWPFUT is the two-period-ahead  fu-
tures price of corn (¢/bushel),  and other vari-
ables are as described above.  In the above es-
timated models, observe that the cash price is
significantly  and  negatively  affecting  futures
prices four periods ahead in the case of cattle,
whereas  for  hogs  the  cash  price  is not influ-
encing  futures  price  four  periods  ahead.  We
expect  this  result  because  cattle  have  longer
flexibility  in marketing than hogs. The R2 for
cattle  model  is  also  higher  indicating  better
explanation  of the four-months-ahead  futures
price  of cattle than hogs. Autocorrelation  was
not a severe problem in these latter equations.
Conclusions
Empirical analysis examines the component of
basis relationships  for livestock using the the-
oretical results of Naik and Leuthold. The re-
sults indicate there exists a maturity basis risk
(premium)  and  a  speculative  component  in
both cattle and hog markets.13We also observe
that both the basis risk and  speculative com-
ponent vary from contract to contract. For both
markets  the expected  maturity  basis  is non-
zero, and thus it is included in the basis.  Hog
markets showed seasonality with respect to the
basis risk, speculative  component, and matu-
rity  basis.  The  variation  in the  synchronous
movement  between  cash  and  futures  prices
makes the participation in the futures market
less attractive  to hedgers.
It is possible to anticipate  a part of the ma-
turity  basis well ahead of time,  although the
fits beyond one month for cattle are very low.
Higher predictability of the hog basis is prob-
ably  due to  seasonality.  These  results  in ag-
gregate could explain the bias in futures prices
that is often detected. Finally, we observe that
the cash  prices and  futures prices  are related
beyond one period. This relationship exists not
only through feed price relationships, as Ken-
dall has suggested, but also through the inven-
tory effect resulting from the flexibility in mar-
keting the animals.  The role of inventory and
marketing has not previously been empirically
confirmed  as  influencing  livestock  basis pat-
tern. For cattle,  the cash price seems to influ-
ence far  distant futures  prices  more than  for
hogs.  This  makes  sense  since  cattle  have  a
longer marketing  horizon than do hogs. Flex-
ibility  in  making  the  marketing  decision
strengthens  the explanation  of intertemporal
price  relationships  for nonstorable  commod-
ities.  These results help us understand better
the  cash  and  futures  price  relationships  for
livestock.
[Received April 1988; final revision
received September 1988.]
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